











In gear steels, as in bearing steels, Re- 
public enjoys undisputed leadership, 
furnishing most of the gear steel used by 
America’s automotive manufacturers and 
gear makers. @ Behind this recognition 
of Republic as the leader in gear steels— 
and the world’s largest producer of alloy 
steels—are years of pioneering in the 
development of special steels . . . pio- 
neering which resulted in the introduc- 
tion of many steels now recognized as 
standard, notably the S.A.E. 4100, 4600, 
5100 and 6100 series. The Metallurgical 
Staff which developed these steels is at 
your service; avail yourself of its counsel. 
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THE BASIC INDUSTRIES 


ARE GETTING LONGER LIFE FROM EQUIPMENT 


. OWHERE is machinery subjected to 


greater punishment than in wresting raw 
materials from Nature’s vice-like grip. The 
production of oil, lumber, coal, ores, steel 
and iron...all call for tough, powerful 
equipment, equip- 
ment that stands up 
under severe condi- 
tions of use and abuse. 

Time was when 
no one could tell just 
how long a machine 
The 
buyer installed it and 
hoped for the best. 
But that was before 


would last. 


alloys containing 





Nickel introduced a 
new degree of dependahility. 

Now, thanks to Nickel, alloys of in- 
creased dependability are beu.g produced 
which amazingly add to the life and efh- 
ciency of machinery, saving the basic in- 
dustries millions of dollars every year. 

It is rare today to find any type of truly 
modern equipment that does not contain 
some moving or highly-stressed parts made 
of some alloys containing Nickel. For, when 
correctly alloyed with other metals, Nickel 





produces a wide range of improved prop- 
erties that makes these alloys more highly 
resistant to heat, stress, fatigue, abrasion, 
corrosion and wear. 
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Tons and tons of these versatile alloys — 
Nickel Alloy Steels, Nickel Cast Irons, 
Nickel Bronzes, Stainless Steels, etc.—are 
used every year in the basic industries. 


They are used 





crushers, drills, power shovels, grinding 


mills, rolling mills, hoists, mine cars and 
locomotives, trucks and tractors; in pumps, 
bearings, gears, shafting, valve and pres- 
sure castings and in scores of other appli- 
cations where greater endurance, increased 
efficiency and low cost operation and 





in the construction ot 








Ni-Hard 
(A NICKEL CAST IRON) 


Among the newer alloys containing 
Nickel is NI-HARD, a dense 
white iron that is setting unusual 
records for resistance to wear and 
abrasion. Extensively used for steel 
mill rolls, crushing, grinding, pump- 
ing and conveying applications. Con- 
tains from 4.0% to 6.0% Nickel 
and 1.0% to 2.5% chromium. 
Produced either as chilled material 
or sand cast. Brinell hard- 


ness, 600 to 750. 























maintenance invariably result. When you 
consider all the advantages of alloying 
with Nickel, the extra cost is really small 
in relation to the benefits secured, In 
many cases only a little Nickel (from 
4% to §%) is re- 
quired to produce 
definitely superior 
mechanical prop- 
erties. 

Moreover, these 
alloys containing 
Nickel are com- 
mercially available 
in all important 


metal consuming 





centers 7# 4 vari- 
ety of compositions, each carefully estab- 
lished by exhaustive laboratory tests and 
field service. If you are planning to build 
new equipment or modernize the old, they 
will help you to suit it better to modern 
operating conditions. 





Our engineers have had broad experience 


in the solution of problems through the use of 
Nickel. You may feel free to consult them 
at any time regarding your requirements. 
a 
THE INTERNATIONAL NICKEL 
COMPANY, INC. 


Miners, refiners and rollers of Nickel 4 
Sole producers of Monel Metal 


New York, N. }- 


ow 


67 Wall Street 
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HIGHLIGHTS 


Use a Coating of Titanium 
Nitride to Resist Corrosion 


Travers says that a thin film of 
titanium nitride makes iron resistant 
to atmospheric corrosion (page MA 
345 L7). 


Steel Hardening 


Tempering for 3000 hours was 
used in experiments by Miiller. His 
article contains 82 references on the 
problems of steel hardening (page 
MA 346 R3). 


What Makes Drop Shot Round? 


Arsenic doesn’t make drop shot 
round by increasing the surface ten- 
sion, but rather by the arsenic tri- 
oxide fluxing the lead oxide found, 
according to Tammann and Dreyer 


(page MA 346 L8). 


Transmission Cable with 
Triangular Cross-Section 


According to experiments by Davi- 
son, Ingles and Martinoff a transmis- 
sion cable should have a triangular 
cross section to cut down vibration 
and avoid fatigue failure (page MA 
350 R2). 


Properties of Copper 


Properties of copper without oxy- 
gen (so-called “oxygen-free, high 
conductivity”) are described by Web- 
ster and co-workers (page MA 341 
R3). Same tensile strength as tough 
pitch, higher ductility and ability for 
deformation. Craig and Klopsch 
(page MA 342 L4) find that arsenic 
in phosphorized copper does not low- 
er ductility or workability. 


Free-Cutting Brass 


Free-cutting brass gets attention 
in England and the U. S. See Morris 
(page MA 342 L4) and the account 


from Machinery, London (page MA 
342 L6). 


Nickel and Silver and Copper 


Nickel is not a proper element for 
alloying with silver in presence of 
copper, say Guertler and Bergmann 
(page MA 346 L5). 


Deep Drawing Test 


, Cunningham finds the German 
hole-widening” test useful for deep- 
drawing stock (page MA 361 L6). 


by H. W. GILLETT 


O YOU want to know what 

metallurgical engineers are say- 

ing, the world over? Look in the 

Current Metallurgical Abstracts. 

Here are some of the points cov- 

ered by authors whose articles are 
abstracted in this issue. 





47 Varieties 


A testing laboratory at Darmstadt, 
Germany, is reported (Berndt, page 
MA 365 L5) as having 47 varieties 
of endurance testing machines. 


Welding of Copper 


Oodles of information is published 
about welding of steel and quite a lot 
about welding aluminum but relative- 
ly little about welding copper and 
its alloys. However, Martin (page 
MA 355 R1), Nauck (page MA 355 
R5), Rietsch (page MA 355 R2), 
Roberts (page MA 355 L10), Dorat 
(page MA 355 R10) and an anon- 
ymous article or two for good meas- 
ure deal with copper welding. 


Wire Drawing Lubrication 


Lubrication in wire drawing is dis- 
cussed in articles by Francis and by 
Macon (page MA 361 L7). 


Precipitation Hardened 
Copper Steels 


Precipitation hardened copper 
steels are attractive because of their 
properties and the simplicity of their 
heat-treatment says C. S. Smith 
(page MA 342 R5). 


Hard Copper 


Cold worked copper has remained 
hard for 6000 years says Carpenter 
(page MA 364 L4). 


Heredity and Pig Irons 


Piwowarsky and Nipper could de- 
tect no definite “hereditary proper- 
ties” in different pig irons, though 
they do not deny the possibility of 
heredity (page MA 342 R4). 


Rolling Cast Iron 


Cast iron can be hot-rolled to 1 mm. 
starting with 12 mm. plates, accord- 
ing to Verkehrstechnik (page MA 
852 L3). Such sheet can be rolled 
onto steel, it is stated. See also Nip- 
per (page MA 359 L10). 


We Would Expect This to 
be the Case 


Iron ore shipments decreased 81% 
in 1932, says Davis (page MA 364 
R3). What a lot that short statement 
tells! 


Removing Corrosion Products 


According to Finnegan and Corey, 
corrosion products can best be re- 
moved from iron in corrosion testing 
by use of caustic soda and zinc (page 


MA 362 L1). 


Stainless Invar 


Honda announces a “Stainless In- 


var’ (page MA 342 RQ). 


Martensite and Cementite 


Carbon separated from martensite 
on tempering stays free until 200° C. 
is reached, before forming cementite, 
according to Wever and Naeser 
(page MA 346 R6). 


Machining Alloys 
Becker (page MA 360 R1) dis- 
cusses carbides, nitrides and borides 
of Ti, Zr, etc. And Machinery, Lon- 
don, mentions a new Mo-Ti carbide 
tool (page MA 860 R5). 


What is a Good Finish on a Roll? 
Machinery, London (page MA 


859 L2), raises the point that a quan- 
titative evaluation of what is meant 


by a “good finish”’ on a roll, is sadly 
needed. 


Old Rails Still Good 


Fifty-year-old rails are still carry- 
ing traffic in England, according to 
Inglis (page MA 342 RQ). 


Solders 


According to the Bell Telephone 
Laboratories (Baillard, page MA 
354 R1) 9% of Cd in a wiping solder 
allows cutting the Sn from 388% 
down to 24%, while another author 
(Anon, Machinery, page MA 354 
R2) says that Cd plated surfaces are 
more readily soldered than tinned 


a Tube Welding 


The Kaiser Wilhelm Institut fiir 
Eisenforschung (Wallman & Pomp, 
page MA 355 L4) has made a com- 
prehensive study of different meth- 
ods of welding in relation to tube 
manufacture. 
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THE NEW JERSEY ZINC COMPANY 


Zinc 160 FRONT STREET, NEW YORK CITY 


ZINC METAL ALLOYS .- 
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OME of our readers have suggested that statistical 

methods of evaluating variables are deserving of 

editorial comment. We freely admit that we 
haven't the mathematical ability to deal with this in an 
erudite fashion. If we had, and did, few readers would 
go with us beyond the opening paragraph any way, so 
let’s take it from a layman’s point of view. 

It used to be fashionable among high-brow research 
men, to apply least squares to a plot of data consisting 
of say a dozen points, so that the curve would “truly rep- 
resent” the data, forgetting that a thirteenth observation 
would be likely to shift the position of the line quite as 
much as the difference between its position when located 
by eye and that by the least square method. A saner point 
‘f view is appearing, and few people now strain at the 
mnat of least squares when swallowing the camel of too 
ew observations. Perhaps the main usefulness of the 
least square method is that two people, working up the 
ame set of data, plot the curve the same, whether the 
urve really represents the facts or not. 

When a really large number of observations are avail- 
ible, statistical methods are very helpful. The span of 
life of an individual is an entirely unknown quantity. 
One may live to be 90 or he may be wiped out in an 
utomobile accident today. The life expectancy of a large 
sroup of people, however, can be predicted with extreme 
srecision. All life insurance premiums are based on ex- 
ict actuarial calculations. In other words, when enough 
units are considered the laws of chance are very exact 
laws. 

Suppose we have a specification for maximum and 
minimum tensile strength of a given grade of steel, test 
1,000 specimens and plot vertically the number of speci- 
mens that show a given strength, while we plot the 
strength horizontally. 

A curve results that looks something like the eye of a 
hook and eye, with the hump at about the average tensile 
strength, the curve tapering off at each end. Whether 
the peak in the curve is very sharp or very flat, will give 
a pretty good idea whether, with a given degree of con 
trol, one could or could not meet a more stringent speci 
fication. Moreover, if the curve is symmetrical, it carries 
a presumption, though not absolute certainty, that the 
deviations are really due to chance and that no sys- 
tematic variable of importance is exerting an influence. 

If the curve has a couple of peaks instead of one, or 
if it is lopsided or skewed, then some variables are in- 
volved that might perhaps be controlled to advantage. 
In such a case, one can utilize the methods used in 
Census recording, by which it is possible to tell, by 
punching cards to show the entries and running them 
through a tabulating machine, how many one-legged 
Irishmen from 37 to 47 years old, living in Pennsylvania, 
are divorced within 17 months of marriage, provided the 
Census-taker has recorded these data. If the proper vari- 





EprirorRIAL COMMENT 
STATISTICAL 


METHODS 


ables are recorded, the machine can turn out a set of fig 
ures which when plotted, will indicate, in our tensile- 
strength example, for instance, how the tensile strength 
was affected by some variable such as carbon or man- 
ganese content. 

Many firms use such tabulating machines for other 
purposes, such as making records of what parts went 
into equipment shipped to a given customer so that it 
may be possible to trace complaints back and connect up 
the material and workmanship of the part with its serv- 
ice behavior. So the metallurgist may not have to ask 
for the purchase of such machines, but may be able to 
borrow them. 

When one has a complex set of variables whose inter- 
relation is not clear when studied by other methods, the 
statistical methods of plotting may pick out relations 
quite clearly that would hardly be guessed at otherwise, 
and may indicate things that ought to be controlled that 
have hitherto been left to chance. It is also possible to 
tell something about whether or not it will pay to control 
a variable more closely, as for example in reducing the 
tolerance of a fit among interchangeable parts. There is 
a story of an electric motor that refused to run on assem- 
bly, but when torn down, it was found that every part 
was within the proper size tolerance. By chance every 
mating part happened to be at the extreme size in opposite 
directions. Statistical study of the individual parts will 
show how often this mismating would be likely to occur. 
Obviously, it is cheaper to have one machine out of a 
few thousand that binds and has to be disassembled and 
the parts thrown back into stock, than to cut down the 
tolerance on each part to a degree that vastly increases 
the cost of machining. One might expect the tolerance 
distribution curve to be “skewed” due to the effect of 
wear on the tools, and such data might conceivably be 
used to evaluate tool quality. 

Within limits, it is possible to throw some light on how 
large a sample need be taken or how many tests need be 
made to get test results representative of the material 
sampled, by statistical study of the problem. Merely 
plotting data as distribution curves will often show so 
clearly that too few data have been collected for the re- 
sults to be representative, and thus may keep the ob- 
server from going off half-cocked. 

Funny-looking curves will set one to thinking about 
variables he has been neglecting, and the whole statistical 
method of attack is perhaps most helpful for the point of 
view it engenders. 

Statistical methods are mathematical methods, and like 
all mathematics, they yield common sense results only 
when common sense is exercised in picking out the right 
things to feed into the mathematical machine. Like all 
specialties, its disciples have a jargon of their own and 
they are likely to make it sound far more mystifying than 

(Continued on Page 169) 
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“Q. E. D.” on Electric Forging — 














ELECTRIC HEAT AND 
GLOBAR BRAND 
ELEMENTS 

GIVE YOUR 

SALES DEPARTMENT 
A DECIDED 
ADVANTAGE OVER 
COMPETITION 











FURNACE BY CANADIAN GENERAL ELECTRIC COMPANY 


F you are heating steel to 2350° F. for forging, and consuming 5 cu. ft. of 40-cent 
gas per pound of steel heated — 
— Then your heating costs are equal to those of the manufacturer who is heating 
steel to the same temperature in an electric furnace, heating 5 pounds of steel 
per Kilowatt hour at a rate of 1 cent per Kilowatt hour including upkeep on 
“Globar” Electric Heating Elements and Terminals. 

But that isn’t the whole story of electric forging. 

Gas and electric furnace heating costs may be equal. 

But when we credit the electric furnace with its generally conceded (but not 
always uniformly evaluated) advantages, the facts are decidedly in favor of elec- 
tric heating. 





A few of these advantages are: 


TUNE IN THE 
CARBORUNDUM BAND 
Saturdays at 9.30 E. S. T. 


Columbia Chain 


Superior Quality of Forging 

Uniformity of Forging 

Lowered Cost of Production due to 
Reduction or Elimination of Rejec- 


No Burned Steel 
Skilled Labor Not Essential 
Ideal Working Conditions 


Lower Insurance Rates 


tions in Process 


And the source of dependable heat is always 





BRAND 
NON-METALLIC ELECTRIC HEATING ELEMENTS 





GLOBAR CORPORATION - Niagara Falls, N. Y. 


(A SUBSIDIARY OF THE CARBORUNDUM COMPANY ) 
Pacific Abrasive Supply Co., San Francisco and Los Angeles 
Williams and Wilson, Ltd., Montreal—Toronto, Canada British Resistor Company, Ltd., Manchester, Eng. 


GLOBAR 1S THE REGISTERED TRADE NAME GIVEN TO NON-METALLIC ELECTRICAL HEATING AND RESISTANCE 
MATERIALS, AND TO OTHER PRODUCTS OF GLOBAR CORPORATION, AND IS ITS EXCLUSIVE PROPERTY 
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High-Chromium Iron Alloys 


Nickel 


There are many alloys on the mar- 
ket which contain considerable quan- 
tities of nickel and chromium in vari- 
ous combinations, such as 60.00% 
nickel, 20.00% chromium; 35.00% 
nickel, 15.00% chromium; 25.00% 
chromium, 20.00% nickel; 24.00% 
chromium, 12.00% nickel; and 
18.00% chromium, 8.00% _ nickel. 
Description of such alloys is outside 
the scope of this paper. However, 
there are times when the addition of 
nickel in small quantities, say 2.00 to 
3.00% , to straight chrome-iron cast- 
ings, is desirable. 

It is well known that nickel in ap- 
preciable quantities adds consider- 
ably to strength at high temperatures. 
The chrome-nickel and nickel-chrome 
alloys can carry much heavier loads 
and are less apt to warp and crack 
at high temperatures than _ the 
straight chrome-irons. However, 
nickel is a decided disadvantage in 
installations where sulphur gases are 
present, so that oftentimes the de- 
signer has to decide whether to sac- 
rifice strength for corrosion resis- 
tance or vice versa. 


Sometimes the solution is found by . 


adding 2 or 8% nickel to an alloy 
containing 28.00-30.00% chromium. 
Such an addition tends to produce a 
finer, denser grain, adds some ductil- 
ity and increases strength at high 
temperatures to some extent. This is 
not enough nickel to cause trouble 
from sulphur attack. In fact, the 
claim has been made that danger 
from sulphur gases is eliminated if 
chromium is present in the ratio of 2 
parts to 1 part of nickel. The experi- 
ence of the writer does not substan- 





"Vice-President, The Duraloy Co. 





Miscellaneous 17-20% Chromium Castings 
Courtesy, Lebanon Steel Foundry) 





pani ae 
a et ten 


for Castings 
by W. F. Furman* 


appeared in the October 

issue, page 147. As this pa- 
per is confined to a description 
of high chrome-iron castings, 
alloys containing appreciable 
amounts of alloying elements 
other than chromium will not be 
included. However, various other 
elements, in comparatively small 
proportions, are sometimes added 
to the straight chrome-iron cast- 
ings, to impart certain desirable 
qualities. The essential charac- 
teristics of the chrome-iron cast- 
ings are not materially changed 
by such additions, so the effect 
of these various alloying ele- 
ments will be covered in this 

issue. 


6 ee“ first part of this paper 


High Chrome Iron Retort 





Chrome Iron Furnace Bucks 


tiate this claim in the sense that it is 
by any means a universal rule. 
Where sulphur conditions are not 
very bad, it is fairly safe, but given 
any appreciable amount of sulphur 
gases, at fairly high temperatures 
more than 3 or 4% nickel is apt to 
cause trouble. 

While the addition of nickel in 
small amounts to chrome-iron cast- 
ings has some advantages, it also has 
disadvantages. The straight 27.00- 
30.00% chrome-iron castings are eas- 
ily machined but the addition of 2.00 
-8.00% nickel toughens them consid- 
erably and makes machining opera- 
tions rather difficult. In fact, this 
particular percentage of nickel in 
castings makes them harder to ma- 
chine than castings containing larger 
amounts of nickel. In some instances, 
even these small nickel additions 
have a bad effect on corrosion resis- 
tance. This is true, for example, of 
castings used with a mixed nitric and 
sulphuric acid solution. Straight 
27.00-30.00% chrome-iron castings 
give very satisfactory service under 
such conditions, but with as little as 
1.00% nickel added to this composi- 
tion, failure from acid attack is 
fairly rapid. 


Small amounts of nickel are some- 


times added to the high carbon, high chrome-iron cast- 


ings, which are intended primarily for abrasion resis- 
tance. Ductility is increased to some extent by such 
additions, but the very fact that castings are tougher, 
means that abrasion resistance is somewhat lowered. On 
the other hand, shock resistance is increased, which some- 
times compensates for the lower abrasion resistance. 


Manganese 


Chrome-iron castings contain usually about 0.50% 
manganese, the exact amount depending somewhat on 


melting conditions. Some heats have been made with as 
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much as 10.00-12.00% manganese added to about 
24.00% chromium. Such castings have certain advan- 
tages. The manganese adds strength at high tempera- 
tures, without being susceptible to sulphur attack. In 
actual service, disadvantages developed. It was found 
that grain growth was greater than in the castings of the 
straight chrome-irons, although oxidation and corrosion 
resistance was about the same. There are interesting pos- 
sibilities in such an alloy which may be developed later. 


Molybdenum 


Molybdenum added to 18.00% chrome, 8.00% nickel 
vastings, in quantities up to about 4.00% materially in- 
creases resistance to sulphuric and sulphurous acids, 
such as are encountered in sulphite pulp mills. It seems 
to have somewhat the same effect when added to the 
27.00-30.00% chrome-irons. An alloy of about 28.00% 
chromium, with 1.50-3.00% molybdenum and low carbon 
is reported to have excellent service in sulphite pulp 
mills and has the advantage of not being susceptible to 
intergranular corrosion. So far its commercial use in this 
country for this purpose has been limited. 

Small molybdenum additions tend to increase the ten- 
sile strength of castings but this does not seem to be 
effective at temperatures over about 1500° F. In fact, 
molybdenum seems to cause a certain amount of disin- 
tegration at these higher temperatures. 














Centrifugally Cast Chrome-Iron Polished Roll 
(Courtesy, Shenango-Penn Mold Co.) 


Tungsten 
Tungsten additions also tend to increase the physical 
properties of chrome-iron castings but here again such 
additions are not usually effective above about 1600° F. 


Titanium 
Titanium additions to the chrome-nickel alloys are 
effective in preventing intergranular corrosion. While 
their effect on chrome-iron castings has not been so well 
determined, there seems to be some tendency to a slight 
increase in grain size, which is not advantageous. 


Nitrogen 

Small percentages of nitrogen (under 1.00%) added 
in the form of high nitrogen ferro-chromium have a re- 
markable effect on chrome-iron castings in refining the 
grain, and increasing ductility and strength. So far as 
ean be determined in laboratory tests, corrosion resis- 
tance is not decreased. In fact, it appears to be slightly 
improved, possibly because of the grain refinement 
caused by the nitrogen. However, the nitrogen is not 
added to improve corrosion resistance and the apparent 
certainty that nitrogen bearing chrome-iron castings are 
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Chrome-Iron Rabble Arms 





at least as resistant to corrosion as similar castings with 
no nitrogen, is sufficient for practical purposes. Results 
against nitric acid, compared to a test piece of the same 
analysis, except without nitrogen, are shown‘in Table 3. 


Table 3 

1st 48 hour period 2nd 48 hour period 
SAMPLE A 0051 -0110 
SAMPLE B .0153 .0368 


_ Samples immersed in 65.00% boiling Nitrie Acid for periods 
indicated. 
KResuits expressed in inches penetration per month. 
Analysis of Samples 
Sample A Sample B 


Chromium 24.43 25.08 
Carbon 0.35 0.35 
Nickel 1.20 1.18 
Nitrogen 0.28 0.06 


Physical tests were made of castings from a heat con- 
taining 24.85% chromium, 0.35% carbon, 1.15% nickel, 
0.28% nitrogen. These results were secured: 


Tensile strength 
Elastic limit 


96,500 lbs./in.- 
75,600 lbs./in.? 


Elongation in 2 inches 3% 
Brinell nardness 240 


After a simple heat treatment the ultimate tensile 
strength was increased to 103,000 lbs. and elongation to 
4%. The elastic limit was decreased to 62,000 Ibs. 
These results compare with typical results of castings of 
a similar analysis without nitrogen as follows: 


68,000 lbs./in.? 
50.000 1lbs./in.? 


Tensile strength 
Elastic limit 


Elongaion in 2 inches 0% 





High Chrome-Iron Sand Pump 
(Courtesy, Barrett-Haentjens Co.) 


There is some tendency for the nitrogen bearing cast- 
ings to contain gas pockets but it seems to be possible 
to overcome this by taking proper precautions in melting. 
The advantage of greater physical strength, a denser 
grain and particularly greater ductility is obvious. It is 
entirely possible that the use of nitrogen in the chrome- 
iron castings may greatly extend their field of usefulness. 

As would be supposed, the melting and casting of 
chrome-iron presents peculiar difficulties. Often a con- 
siderable change in foundry technique is required for a 
slight change in analysis. The higher the carbon, within 
the ranges discussed, the more fluid the mixture coming 
from the furnace, so that the close temperature restric- 
tions which apply to the low carbon alloys are not so im- 
portant. The low carbon heats are very sluggish and can 
only be poured successfully into the molds when fairly 
hot. However, as already indicated, the pouring tempera- 
ture has a direct influence on grain size, that is, the higher 
the pouring temperature, the larger the grain size in the 
casting. Consequently, it is necessary to pour on the cold 
side to insure as small a grain as possible and yet have 
the heat hot enough to flow. This means a narrow tem- 
perature range for pouring. Molds have to be prepared 











with great care and there are many other factors which 
have a decided effect on the quality of castings produced. 
It will be understood from this that castings of identical 
analysis produced in different foundries will vary con- 
siderably in their characteristics, because of a difference 
in foundry methods. 

It is necessary to segregate scrap very carefully, so 
that the melter, in making up his charge, can estimate ac- 
curately what the final analysis of the heat will be. Un- 
less there is absolutely no doubt as to the analysis of any 
scrap bought outside, it should be pigged and a complete 
analysis of the pig heat made before any of it is added 
to a charge. This same rule applies to shop scrap, the 
exact analysis of which is, for any reason, uncertain. 

Each heat should, of course, be analyzed and, so far 
as possible, a record kept of the castings produced in the 
heat. This record should be extended to include results 








secured by castings in actual service. Only an accumu- 
lation of such information over a period of years can 
determine exactly the proper alloy to be recommended 
for a specific application. Those making such recommen- 
dations should be careful not to become dogmatic and to 
assume too much from insufficient information. Not until 
a number of installations under the same service condi- 
tions have been observed for several years is it safe to 
come to definite conclusions. Even then, a very slight 
change in operating conditions may completely alter the 
situation and require the use of a different alloy. Infor- 
mation contained in this paper is based on 10 years’ ex- 
perience in the production of chrome-iron castings and 
every effort has been made to keep it accurate and in 
accord with results secured in actual service. Even so, 
it is realized that it will be many years before the last 
word regarding such alloys can be written. 








EDITORIAL COMMENT 


(Continued from Page A 11) 


it need be. Instead of using the physical chemist’s term 
“system” for the bunch of things we are dealing with in 
a given case, they call it the “universe.” We find such 
phrases as “If the regression of y on x is linear and the 
scatter of points is homoscedastic’ then something or 
other happens, in a standard book on the subject. 


Some mathematicians think that much in statistical 
theory as now generally used is based on unsound prem- 
ises, and a mathematically-minded friend tells us that 
probably half of the attempts made to use statistical 
methods, use them wrongly. Nevertheless, it is plain even 
to the layman that we have made more progress even 
with some misuse of the methods than we would have 
without any such methods. What is needed is for some 
low-brow who has used the methods to advantage in the 
simpler, correct and satisfactory modes of application, 
to point out how and where they have fitted in. It seems 
to us to bear much the same relationship to metallurgy 
that X-ray crystal structure work does. Both are tools 
for the metallurgist, relatively new, and in themselves so 
fascinating to certain types of minds that they get more 
interested in the tool itself than in its application. 

The present-day type of physicist makes X-ray crys- 
tal structure so complicated that it scares off the com- 
mon or garden type of metallurgist, and the mathema- 
tician is making statistical methods appear more formid- 
able than they are. 


When both of these get shaken down into the position 
in metallurgy that microscopic examination now holds, 
they will all be classed as useful tools, all having limita- 
tions, and all requiring common sense and judgment in 
knowing how far to carry them, and how much weight to 
give their indications. 

In discussion of this matter, Dr. John Johnston re- 
marked that it is essential that the subject be kept sim- 
ple so that the method may be used by the man in the 
works himself—as it must be for the greatest success; it 
is much less likely to succeed in the hands of a statistical 


department, unacquainted with details of everyday opera- 
tion. 


The statistical methods seem especially powerful for 
the works metallurgist, who wants to know what are the 
effects of small variables upon the quality and uniformity 
of his regular product, or what the variables are that are 
not recognized as such. He has available thousands of 
articles that are being inspected and tested before ship- 
ment. If he can list the known and suspected variables 
and get those recorded in regular production, feed all the 


data ¢iirough the tabulating machines, and plot the re- 
sults in statistical curves, he is likely to get a pretty 
good inkling of what variable is producing what result. 

Then the research laboratory can take up the problem, 
and outline a short series of experiments in which all 
other variables are rigorously kept constant, and the one 
in question varied, which will give a direct measure of 
its effect. 

In general, statistical methods are not so helpful for 
the research laboratory, since it cannot afford to make 
thousands of articles in order to get a big enough “‘uni- 
verse.” 

It does not have the production equipment nor can it 
normally dispose of the good products made. It may now 
and then, in an extraordinarily extensive investigation, 
be able to apply the methods, but in general, it can more 
effectively confine itself to subdividing the problem into 
its component parts, segregating the variables and mak- 
ing a few carefully chosen and controlled experiments on 
each variable. 

The production plant and the routine laboratory, with 
piles of data, but little opportunity to juggle variables 
for fear of disturbing production, can sometimes apply 
statistical methods in its inquiry into how the variables 
are changing due to accidental causes and what results 
such changes bring. It is regrettable that those who are 
applying the methods seldom describe what they are do- 
ing and what results they are obtaining thereby. 

Probably the simplest and clearest idea of the “‘prac- 
tical application of statistical methods” is found, in Ger- 
man, in a book with that title’ recently issued from the 
pen of Daeves, of the Vereinigte Stahlwerke, Diisseldorf. 

It would be the best introduction to the subject we 
know of for any type of reader, and is especially good 
for the metallurgist to start his study with since the 
author draws largely for his examples on his own data 
accumulated in actual steel-works application of the 
methods. 

With the appreciation of the everyday utility and good 
horse sense of the simpler modes of statistical approach 
that this will give, the student can later progress more 
intelligently to more complicated mathematical methods 
of attack should he deem it worth while. At any rate, 
some inoculation with statistical ideas will be worth 
while for the mere purpose of keeping oneself from draw- 
ing too sweeping conclusions from meager data.—H. W. 
GILLETT 





1Praktische Grosszahl-Forschung. K. Daeves, 132 pages, 58 figures, 
V.D.1. Verlag, Berlin, 1933. 
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Fatigue and the 


Hardening of Steels 


by H. J. French’ 
Extended Abstract by H. W. Gillett 


lecturer before the American Society for Testing Materials 

this summer, Dr. H. T. Gough, and the Campbell lecturer 
before the American Society for Steel Treating this fall, Mr. 
H. J. French, relate to problems of fatigue of metals. 


| HAPPENS that subjects dealt with by both the Marburg 


While engineers commonly consider that the endurance of a 
steel rises proportionately as the strength and hardness rise, 
this linear proportionality fails somewhere around 450 Brinell, 
and the curve shows a peak so that in general, a hardened but 
untempered steel has a distinctly lower endurance limit than 
if it has been tempered so that its hardness and strength just 
begin to be reduced. This is of distinct importance in springs, 
battering tools and the like. 

There is also a general idea among engineers, which is a close 
approximation to the truth in steels considerably softened by 
tempering, that when given the same strength, by heat-treat- 
ment, different alloy steels show about the same endurance 
properties and service behavior, especially if their impact 
properties are similar also. This ceases to be the case at very 
high hardnesses, and different alloy steels act as quite different 
entities. 

After noting the interesting fact that in the high hardness 
ranges delayed fracture may occur in a specimen that has run 
10 million cycles unbroken—a number sufficient to establish the 
endurance limit of softer steels—so that much longer runs are 
required to establish the endurance limit of a very hard steel, 
French discusses possible reasons for the differences in endur- 
ance properties of quenched, untempered or but slightly tem- 
pered steels. 


He notes that the performance of water-quenched, untem- 
pered, high-carbon, plain carbon steels under repeated stress 
is poor (endurance limit down to about 75,000 Ibs./in.?), while 
that of some alloy steels hardened by oil quenching is much 
better (around 90,000 lbs./in.2 or more), and deduces that the 
retained austenite in the latter has a beneficial effect. This 
explanation is made plausible by determinations of retained 
austenite by magnetic methods, by liquid air treatment, etc., 
which produced data consistent with the idea that the softer, 
more deformable austenite has a cushioning effect during the 
quenching operation with its resultant change of volume and 
creation of internal stress. However, a low carbon martensite 
did not require to be accompanied by noteworthy amounts of 
austenite to give rather good endurance properties, though 
even this was improved by moderate tempering. 


Since the phenomenon of delayed fracture was met, in order 
to make sure that a bar that had not fractured in say 10 to 
25 million cycles had not been damaged so that it would break 
later (and fractures were met at as high as 59 million cycles), 
such bars were re-tested at a higher stress and their life at the 
higher stress compared with the normal life for a bar run 
initially at that higher stress. A shorter life indicated damage, 
a longer one, improvement. 


The phenomenon of strengthening by understressing (stress- 
ing below the endurance limit) is well known, but it is 
generally considered that stressing above the endurance limit 
produces damage. Yet it is well known that almost any steel 
will stand a few cycles of repeated stress above, but not too 
far above, the endurance limit, without damage. 


Since the ability to stand occasional overstress is a decided 
virtue in a spring or battering tool, the ability of the different 
steels to stand overstress was studied. The bars were run for 
various numbers of cycles at various stresses above the endur- 
ance limit and after that preliminary treatment were again run 
at the previously determined endurance limit for virgin bars. 
If they broke in, say, less than 10 million cycles, they were 
shown to be damaged by the previous overstress, while if they 
acted just like a virgin bar in spite of the overstress, they 
were undamaged. By making a series of such tests, a “damage 
line” could be drawn on the S-N diagram, dividing the area 
between the stress axis and the upper part of the S-N curve 





*International Nickel Company. 
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into a safe and an unsafe area. The damage line runs into the 
S-N curve at the endurance limit and, in general, reflects the 
shape of the upper part of the S-N curve. 


Differences in the ability of hard steels to stand punishment 
by stressing above the endurance limit are very clearly brought 
out by the damage lines. The benefit of tempering a water- 
quenched, high-carbon, plain-carbon steel is even more strik- 
ingly brought out by the damage line curves than by mere 
consideration of the endurance limits after different tempering 
treatments. Release of internal stress is the most probable ex- 
planation of the benefit of tempering. 


In applying the damage line method of study to some special 
steels, very interesting results were obtained. While quenched 
(martensitized) and tempered alloy steels showed a large area 
of no damage, two age-hardening steels, one of 0.53 C, 0.54 
Mn, 3.52 Ni, 1.66 Al, 0.11 Cr and one of 0.58 C, 0.73 Mn, 2.0 
Si and 1.27 Cu were found to give almost no area of no- 
damage. They would stand hardly any over-stress above the 
endurance limit although the endurance limits themselves were 
about what would have been expected from the strengths and 
hardnesses of the steels. 


Even more interesting was the peculiar behavior of an induc- 
tion furnace heat of nickel silicon steel, of 0.49 C, 0.83 Mn, 
3.02 Ni, 1.65 Si. When oil quenched from 1575°F. and tem- 
pered at 1200°F., it showed a decidedly high endurance limit 
for its strength (endurance ratio over 60% for specimens water 
quenched after tempering), but had little ability to stand over- 
stressing. But when tested either not tempered at all or after 
tempering at 675°F., it was found to be actually improved by 
overstressing. Indeed, the tempered material, which on virgin 
bars had an endurance limit of 100,000 lbs./in.2, had a series 
of bars severely overstressed (25,000 to 50,000 cycles at 125,000 
to 150,000 Ibs./in.2) and the endurance limit was then deter- 
mined on this series, just as if they were a set of ordinary 
virgin bars, and the endurance limit was 110,000 lbs./in.?. 


Another lot of similar steel, 0.45 C, 0.80 Mn, 3.01 Ni, 1.60 Si, 
but made in an arc furnace, was tested after the 1575° oil 
quench, 675°F. draw, and found not to be benefited by over- 
stressing; in fact, the “no damage” area was small, and analo- 
gous to that found on the precipitation hardened Ni Al and 
Cu Si steels. But, the virgin endurance limit of the steel was 
clear up to 120,000 Ibs./in.?, i.e., higher than that of the in- 
duction heat after overstressing. 


From these observations, it was postulated that the Ni Si 
steel also had age-hardening properties, and that in the induc- 
tion furnace heat after the 1200° draw, the age-hardening pre- 
cipitation had occurred, while in untempered and 675° draw 
specimens the precipitation was brought about by repeated 
overstress. In the are furnace heat, the precipitation must 
have occurred during the 675° draw. 

That the Ni Si steels were peculiar in another way was 
shown by the fact that both were temper brittle, but of dif- 
ferent degrees of temper brittleness, and it is postulated that 
temper brittleness is a manifestation of a precipitation hard- 
ening phenomena. 

Static overstress tests were made on several Ni Si steels of 
this class and the results seem to be consistent with the postu- 
lates made as a result of the endurance tests. It is suggested 
that temper brittleness, long considered as a “characteristic 
without virtue,” may perhaps have some assets. 

The lecture opens up many useful lines of thought especially 
applicable to the problem of getting maximum, or rather, the 
optimum combination of hardness, yield and tensile strength, 
endurance limit and ability to stand overstress, in springs, 
battering tools and the like. 

Alloying and quenching so as to produce a suitable amount 
of austenite, tempering to relieve internal stress, appraisal of 
ability to stand overstress by the “damage line” method, and 
utilization of the good endurance properties and avoidance of 
the bad ones resulting from precipitation hardening, are all 
points of view either quite new or hitherto too slightly under- 
stood and too little emphasized, that are brought out in this 
noteworthy contribution of French. 
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The Forgeability of 
- High-speed Steel 


by O. W. Ellis’ and J. Barbeau” 


In previous papers’ the senior author has shown how 
carbon and other elements affect the forgeability of 
iron. However, in none of the alloys hitherto investi- 
gated have the metallic elements other than Fe ex- 
ceeded 3.5%, nor the C 0.9%. 

Through the courtesy of H. B. Allen, chief metallur- 
gist of Henry Disston and Sons, Inc., the authors were 
supplied with 2 bars of high-speed steel which had been 
forged from a billet of the following analysis: 


Carbon .70% 
Manganese 27% 
Phosphorus .020% 
Sulphur .013% 
Silicon .28% 
Nickel 10% 
Chromium 3.69% 
Tungsten 19.23% 
Vanadium 112% 


These bars were 84 inch and 1 inch in diameter, re- 
spectively. Most of the work described below was car- 
ried out on the %4-inch material, from which sufficient 
normal samples (samples of which the heights and di- 
ameters were equal) were machined to enable a very 
complete survey to be made of the forgeability-tempera- 
ture relationship for this steel. 


This is not the first occasion on which the forgeability 
»f high-speed steel has been investigated. Robin*® covered 
the field very widely in 1910, and the results of his tests 
on 2 W-Cr steel arc shown in Fig. 1. Whereas Robin 
determined the energy required at various temperatures 
to reduce normal samples of steel 20% in height—using 
in most of his experiments samples 15 mm. (0.59 in.) in 
diameter, the authors held constant the energy of the 
blow applied to their samples, measuring the percentage 
reduction in height subsequent to deformation at the 
various temperatures used. 


The curve in Fig. 1, which passes through the closed 
circles, refers to a steel containing 0.7% C, 4.5% Cr, 
and 11.0% W; that passing through the open circles 
refers to a steel of high Cr and W content, its analysis 
being 0.7% C, 6.5% Cr, and 21.0% W. It is somewhat 





_*Director of Metallurgical Research, Ontario Research Foundat:‘on, 
Toronto, Canada. 


**Ontario Research Foundation, Toronto, Canada. 





difficult to understand why the steel of lower Cr and W 
content should have been so distinctly superior to that 
of the higher Cr and W content in its resistance to 
deformation at temperatures below 600° C. One can but 
surmise that the latter had been annealed prior to test, 
while the former was tested in the air-cooled state. At 
temperatures above about 800° C. the resistance of the 
2 steels to deformation was practically the same, the 
effects of air-cooling on the forgeability of these steels 
having been practically removed at temperatures above 
C . . . . 
600° C. and distinctly eliminated at temperatures of 
12) . ° 
800~ C. and above. Robin’s tests support the view that 
variations in Cr and W content (from 4.5 to 6.5% and 
from 11 to 21%, respectively) are practically without 
effect upon the forgeability of high-speed steel at tem- 
peratures above about 600° C, 

It may be of interest to quote Robin’s remarks on 
his experiments on these steels: 

“High-speed tool steels offer the highest resistance to 
crushing. The steels investigated were sorbitic steels; their 
ball hardness was relatively inconsiderable, their resistance 
to abrasion was remarkably small, and their resistance to 
crushing shocks was higher than that of any other steel. 

“This resistance to crushing perseveres in an interesting 
manner in terms of increasing temperatures, and the curves 
obtained strongly recall the hardness curves already studied 
in terms of the temperatures. At low temperatures the 
curves rise rapidly and at —185° reach a very high value. 
Generally speaking, it is in the vicinity of 500° that the fall 
in the resistance of these steels occurs. Their characteristic 


curve is almost rectilinear at high temperatures, and at 


SF their resistance is normally double that of dead mild 
steel.” 


It is somewhat remarkable that Robin failed to ob- 
serve the fact that the steel lower in W and Cr was less 
forgeable than that higher in W and Cr at temperatures 
below about 600° C. While the authors believe that the 
difference is to be accounted for by the fact that the 
harder steel was in the air-cooled condition prior to 
forging, it must be remembered that the final word can 
be given only by one who has conducted experiments 
for the express purpose of explaining this discrepancy. 

The results of the authors’ tests on the steel from 
Henry Disston and Sons, Inc., are shown graphically 
in Figs. 2 and 3. In Fig. 2 the results of single tests are 
shown by individual circles, some of which are closed 
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and some open. The closed circles refer to the results 
of tests prior to which the samples had been heated to 
and held at the forging temperature for periods of 10 
minutes (for samples heated above 1000” C.) and 12 
minutes (for samples heated below 1000° C.), respec- 
tively. The open circles having lines drawn NW to SE 
refer to the results of tests prior to which the samples 
had been heated for periods longer than 12 minutes— 
generally 15 minutes. The open circles having lines 
drawn NE to SW refer to results of tests prior to which 
the samples had been heated for periods of less than 12 
minutes—generally 5 minutes. The results of these last 
tests might well be disregarded, since the samples had 
not reached the forging temperature when they were 
placed upon the anvil of the forging machine. 

It may be noted in passing that a sample forged at 
1347~ C. was flattened into a disk less than ¥4 inch 
thick under the standard blow of 532 foot pounds which 
was used in all these tests. This disk was badly fissured, 
and during forging liquid was violently extruded from 
the sample. A sample heated at 1386” C. collapsed when 
the attempt was made to remove it from the heating fur- 
nace to the anvil. 

In Fig. 3 what is believed to be the forgeability-tem- 
perature relationship for this steel is shown. The points 
of special interest are: 

(1) Clear evidence of atomic rearrangement at 840°-850° C. 

(2) Evidence of structural alteration at 1135° C, 

(3) Evidence of structural alteration at 1300° C. 

Only in electrolytic iron and low C steel has the re- 
arrangement of atoms which occurs at A3 produced so 
marked an effect on forgeability as that shown at 840~- 
850° C. in the forgeability-temperature relationship for 
this steel (Tig. 3). 
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Fig. 4 


Fig. 4, reproduced from the senior author’s 1924 Car- 
negie Scholarship Memoir, shows very clearly the marked 
effect which the lower allotropic transformation has upon 
the forgeability of mild steel. It will be noted that the 
resistance to plastic deformation of this 0.08% C steel 
is distinctly greater at temperatures just above the A3 
point (870° C.) than at the A3 point, itself. The in- 
crease in density resulting from the lattice change at A3 
is thus reflected in the behavior of the alloy under the 
hammer. 

C has the effect of modifying the behavior of Fe at 
the A3 point; so much so that in alloys containing higher 
proportions of C than about 0.08% no reduction in 
forgeability occurs at temperatures just above the A3 
point, as is clearly shown in Fig. 5. The modifying effect 
of C is probably due to the fact that the solution of C 
in y-Fe results in an expansion of the face-centered 
lattice, which opposes the contraction due to the change 
from a to y-Fe* and is reflected in the behavior of the 
steel under compression. A marked decrease in forgeabil- 
ity at temperatures just above the Al point of the high- 
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speed steel would most certainly not be looked for in a 
straight C steel containing 0.70% C (Fig. 5). One is 
driven to the conclusion, therefore, that the W, Cr and 
V present in high-speed steel account for,the consider- 
able decrease in forgeability which occurs at tempera- 
tures just in excess of 840°-850° C; the rearrangement 
of the atoms of Fe, W, Cr, V and C at the Al point 
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Fig. 5. Forgeability-Temperature Relationships of Four Carbon Steels 
Tested Under Similar Conditions. 


results in a denser material which is more resistant to 
plastic flow than that existing at temperatures below 
840° C. 

The change in direction of the forgeability-tempera- 
ture curve at 1135” C. is without doubt due to the solid 
solution of the complex carbides in y-Fe. These carbides 
lose their identity and become merged in the austenite 
when the temperature exceeds 1135° C. and, as a result, 
the steel becomes more plastic. 

The authors are of opinion that a linear relationship 
exists between percentage reduction in height and tem- 
perature over the range 1135°-1300° C. The dotted line 
has been drawn to indicate a possible, though unlikely, 
form for the forgeability-temperature curve. The sharp 
change in direction which occurs at 1300° C. in the 
curve which the authors suggest as correct is due to the 
appearance of the liquid phase. This temperature, 1300° 
C., is the solidus for this steel. 

It may be well to note that a slight inversion seems 
to occur at about 775° C. (see Fig. 2). This the authors 
have ignored in their draft of the forgeability-tempera- 
ture relationship in Fig. 3, in view of the fact that the 
magnitude of the inversion is within the limits of error 
of these experiments. The inversion may, however, be 
associated with the magnetic change point for the steel, 
which Carpenter,* Yatzewitch,” Andrew and Green," 
Scott,’ Hoyt® and others have found to occur at about 
this temperature. 

While dealing with the forgeability-temperature rela- 
tionship for the 34-inch samples, it may be well to note 
that the temperature at which samples of this size are 
reduced 20% in height under a blow of 532 foot pounds 
is 920° C. (see Fig. 3), and that, given this information, 
one can check the authors’ work against that of Robin. 
The energy required to produce a 20% reduction in the 
height of a 34-inch sample (volume, 0.331 in.*) should 
be 0.331/0.162 = 2.04 times that required to produce a 
20% reduction in the height of a normal sample of the 
size used by Robin (volume, 0.162 in.*) in his experi- 











or 
be 
el, 
n. 

ut 


la- 
ote 
ire 


ids 


on, 


the 
uld 
e a 
the 
pri- 


ments, the results of which are shown graphically in 
Fig. 1. As already noted, the energy required to produce 
the 20% reduction in the authors’ steel at 920° C. was 
532 foot pounds; hence, that required to produce a simi- 
lar reduction in the steel used by Robin at 920° C. 
should be 532/2.04— 261 foot pounds. Reference to 
Fig. 1 will show that at 920° C. the energy required to 
reduce by 20% in height the 2 steels investigated by 
Robin was in the immediate neighborhood of 260 foot 
pounds, which is practically the same as the calculated 
value of 261 foot pounds. 

It may be of interest to record that the forgeability- 
temperature relationship for a 0.91% C steel (34-inch 
normal sample) is very nearly the same as that for this 
high-speed steel over the range 1135°-1300° C., but the 
energy of the blow required to produce att alent defor- 
mations in the high-speed steel is about 2.3 times that 
required by the straight C steel. This result does not 
agree very closely with that of Robin, who apparently 
found that the resistance of high-speed steel was nor- 
mally double that of dead mild steel at 1100° C. (see 
quotation above). 

The effect of varying the energy of the blow by alter- 
ing the height of the drop of the 113-pound hammer used 
in these experiments is shown by the following results 


which refer to tests carried out at a temperaure of 
1045° C, 


Height of Drop Reduction in Height of 

of Hammer Energy of Blow 34-Inch Normal Sample 
(in. ) (ft.-lbs. ) (%) 
8% 80 4.0 
20% 193 9.9 
32% 306 15.0 
44% 419 19.8 
56% 532 24.5 


By using these results, yet another attempt may be 
made to check the authors’ work by comparison with 
Robin’s values. It will be noted that the energy required 
to reduce the height of a 34-inch normal sample (vol- 
ume, 0.331 in.*) by 20% at 1045° C. is in the immediate 
1eighborhood of 419 ft.-lbs. That required to deform a 
\5-mm. normal sample (volume, 0.162 in.*) by a pro- 
portional amount should be approximately 419/2.04 = 
205 ft.-lbs. Reference to Fig. 1 will show that the energy 
equired to compress the steels used in Robin’s experi- 
ments by 20% at 1045° C. was between 190 and 200 
ft.-lbs., which is not far removed from the value esti- 
mated from the results of the authors’ experiments. It 
may be noted in passing that the speed of impact in 
Robin’s experiments was 20.6 ft./sec. in all cases, 
whereas that in the author’s experiments varied with 
the energy of the blow, as may be gathered from the 
above table. Clearly, the speeds of impact in the 2 sets 
of experiments did not differ sufficiently to produce dis- 
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crepancies between the results, given blows sufficient to 
produce a 20% reduction in the height of the sample. 


Experiments were made on a number of samples cut 
from the 1-inch bar, and the results of these are shown 
in Fig. 6. In these experiments the energy of the blow 
was 532 ft.-lbs. It will be noted that the inversion at 
840°-850° C. is shown quite distinctly, and that there 
is evidence of change in direction at about 1135° C. 
These results may be compared directly with those 
shown in Fig. 5, the energy of the blow used being 
practically the same in all cases. The comparison will 
be of interest as showing the relative resistance to defor- 
mation of high-speed and straight-carbon steels. 





Equipment Used in Forging Tests 


In the senior author’s article’ on “The Forgeability of 
Steel as Influenced by Composition and Manufacture,” 
it was shown that: “If E be the energy in foot-pounds 
required to produce a certain definite percentage reduc- 
— in height D of a normal sample 1% inch in diameter 
by \% inch high, then E and D are related by the fol- 
Mad equation: 


log E = log b + (1.56 — 0.47 log b) log Ds (1:) 


where b is a parameter which can be found by making 
one drop test on the steel being investigated at the tem- 
perature in question.” In order that this equation may 
be applied to normal samples of all sizes, it is necessary 
to bear in mind Tresca’s theorem, which may be ex- 
pressed mathematically thus: E,:E—V,:V. To make 
equation (1) applicable to 1l-inch normal samples, it 
needs to be altered as follows: 


log E = log 8 +- log b + (1.56 — 0.47 log b) log D. (2) 


Using equation (2), it is possible to determine the 
amount of energy required to reduce a 1-inch sample by 
a specified amount, knowing the percentage deformation 
D produced by a blow of given energy content E. For 
example, a l-inch normal sample used in the tests re- 
ferred to in Fig. 6 was reduced 7.9% in height at a 
temperature of 806” C. In this case the parameter b, as 
determined from equation (2), is 55.91. By substituting 
this parameter in equation (2), the amount of energy 
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required to reduce the l-inch sample 18.5% in height 
can be determined; this is 1238 ft.-lbs. By using Tresca’s 
equation and the value 1238 ft-lbs. obtained above, it 
can be shown that the energy required to produce an 
18.5% reduction in height in a 34-inch sample should 
be 1238 X 27/64 = 522 ft.-lbs. Reference to Fig. 3 will 
show that a 34-inch sample is deformed 18.5% at about 
806° C. under a blow of 532 ft.-lbs. Actual experiment, 
then, shows the energy required to deform a %-inch 
sample by 18.5% to be 532 ft.-lbs., while an estimate 
of the energy required to deform the same sample, ob- 
tained by using equation (2), gives 522 ft.-lbs., which 
is not far removed from the experimental result. 


The satisfactory results which are obtained with 
equation (2) when D is relatively small are not ob- 
tained when D is relatively large. For example, at 1275° 
C. a 1-inch sample is reduced 17.5% in height under a 
blow of 532 ft.-lbs. In this case the logarithm of the 
parameter b is —0.2773. By using this value it can 
be shown that the energy required to reduce a 1-inch 
sample by 36.0% in height is 1805 ft.-lbs. Tresca’s 
theorem would indicate that the energy required to re- 
duce a 34-inch sample by 36.0% in height at 1275° C. 
would be 1805 X 27/64 — 762 ft.-lbs., which is a little 
more than 43% greater than the energy found to be 
required by actual experiment (see Fig. 3). 





It appears, then, that the equation obtained by the 
senior author might be used to estimate the energy re- 
quired to deform normal samples of high speed steel of 
various sizes by relatively small amounts, but that it fails 
to give correct results when relatively large deformations 
are being considered. 


In conclusion, the authors desire to express their ap- 
preciation of the kindness of Mr. H. B. Allen in supply- 
ing the steel for investigation, and of the interest shown 
in this work by Dr. H. B. Speakman, director of the 
Ontario Research Foundation. 
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READERS’ COMMENTS 


More Heat Resisting Alloys 


Editor, Merars & ALLoys: 


We are taking the opportunity to express some points of 
view in relation to the articles on Heat Resisting Alloys by 
Mr. Stanbery in the September and October issues, which I 
feel justified in stating, will be supported by the majority of 
that group which may be termed the “Pioneer” Alloy Manufac- 
turers. 


As stated in substance in his articles, there has been perhaps 
more misinformation on these alloys presented and written 
than on almost any other topic. This subject has been a prolific 
one for those with a yen for words and the spotlight. However, 
it occurs to me that certain statements need qualifying, and 
while it represents a very intelligent and well presented corol- 
lary of information it does not evidence appreciation of the 
fact that this is a pioneer business, young in history and a 
hazardous undertaking for those attempting to guide and fol- 
low it through the initial periods. 


It is inferred by this and other articles on alloys that the 
manufacturers have been either in the dark or were adverse 
to publishing data already assembled. It may seem strange to 
some that a large portion of the information, or I might state 
“misinformation” on alloy, has been presented or published by 
individuals who have had only the merest contact with alloy 
problems, which in the final analysis consist not of one phase, 
but a comprehensive experience involving the stresses, design, 
applications, metallurgy, successful production technique and 
the development of a new industry requiring not only the 
pioneer spirit and a confidence in the future, but also in one’s 
ability to go through to the extent of guaranteeing results at 
the obvious risk of one’s reputation and money. 


The first question is promptly disproved by the fact that heat 
treating machines of automatic character, both as to operation 
and control, have displaced hand-operated crude construction 
and methods. New processes based and depending in their en- 
tirety upon alloy structure and dependability have altered the 
economic status of several industries. This is not the result of 
guess work entirely. 

It is also well to keep in mind that the alloy manufacturer 
was constantly called upon to guarantee the performance nec- 
essary to effect the economies hoped for, often untried and un- 
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proved applications, in which there was no previous history. 
Intimate contact with serious problems is a very chastening 


and humbling influence and we cannot help but recall the ex- 
pression—‘Fools rush in where angels fear to tread.” 


In a pamphlet on alloys issued several years ago the follow- 
ing appeared in the Foreword: 


“It is now generally conceded that economically certain units 
for use at elevated temperatures may be obtained only through 
the scientific application of appropriate materials correctly 
designed. 


“In designing equipment for service at elevated temperatures 
the engineer is concerned with many problems. Given an alloy 
which will withstand the conditions of temperature and cor- 
rosion involved, successful designing must take into considera- 
tion the fact that allowable safe working stress is a variable 
factor. 


“It is established that there is no definite value of yield point 
but that this factor varies not only with temperature but with 
duration of stress at any given temperature. It will be noted 
that high temperature tensile strengths given in the following 
pages are quoted as ‘quick pull’ tests and these should not be 
confused with so-called ‘creep stresses.’ 


“Creep stress values thus far obtained have not proved abso- 
lutely reliable, but it has been established that safe working 
limits may vary between 50 pounds and 800 pounds per square 
inch, depending upon the conditions. It therefore is the policy 
of our engineers to study each application to the end that the 
most appropriate designs may be developed and the most suit- 
able alloy employed for each set of conditions encountered.” 


It is difficult to avoid resenting any statement or inference 
that tends to detract from the work the pioneer alloy manu- 
facturers have accomplished and the impetus that accomplish- 
ment has given to the placing of alloys among the useful and 
practical arts and opened an entirely new vista of methods, 
practices and economics. 


W. B. SuLiivan 
Vice-Pres. & General Mgr. 
Michiana Products Corp. 


Sept. 22, 1933 
Michigan City, Ind. 
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Editor, Merais & ALLoys: 


The reader who carefully examines my articles in the Sep- 
tember and October issues on Heat Resisting Cr-Ni-Fe Alloys 
for Furnace Construction and Mr. B. J. Sayles’ letter to the 
editor on page 165 of the October issue, commenting thereon, 
will be puzzled by Mr. Sayles’ arguments in refutation of state- 
ments not made in the articles, and especially by his use of 
quotation marks about phrases not appearing in them. 


When the material from which the articles were finally 
worked up was first sent to the editor for his comment and that 
of those experienced in this field, it contained many speculative 
points intentionally inserted to provoke discussion. Since Mr. 
Sayles’ comments and those of several:others who kindly went 
over this raw material, were utilized in the revision, the articles 
as they appeared in print were in many respects decidedly 
altered, and I trust improved, over their early form. When Mr. 
Sayles received the galiey proof of the articles as they were 
actually to appear, he evidently did not bother to read them, 
but wrote his comments from his memory of the earlier draft. 
Only thus can I account for his misquotations and misinterpre- 
tations. 


Even at that, his memory must have been poor, for at no 
time have I advocated the use of short-time tensile values as 
a basis for design. Nor am I “inclined to dismiss the so-called 
‘minor elements’—with too scant attention” in practice, as their 
adjustment holds great potentialities. But the proven facts as 
to the influence of these elements are too scanty and the ideas 
of various producers too contradictory to allow an extended 
discussion of their effect that would be on a par with the facts 
presented in the articles. 


No discussion of the relative merits of acid and basic melt- 
mg appeared in the articles and on that point Mr. Sayles’ com- 
ment again refers to a section put into the original draft to 
draw discussion. Incidentally, the comments were by no means 
in agreement! 


When Mr. Sayles’ discussion is purged from its comments on 
matter not included in the articles, it will be found that he is 
actually pretty much in agreement with my statements that 
creep values are the best basis so far available for design (and 
the articles cite all published creep values) that the fifth power 
approximation does not necessarily hold, but is only to be used 
as a fair guess when nothing better is available, etc., etc., and 
that his only real quarrel is with the classification of the alloys 
into groups and with the implication which he apparently de- 
rives from the classification, that specifications should be set 
up under which a number of manufacturers might bid. Such 
classification and specifications it is admitted have some serious 
drawbacks if orders are awarded on the basis of price alone. 
Such a system, however, is reasonably successful if the specifi- 
cations are backed up by a knowledge of the capabilites of the 
approved sources of supply, a close coéperation with them, and 
a careful check-up of the manufacturing methods and subse- 
quent behavior of the alloys in actual service. 


Unfortunately, the ideal set-up evidently advocated by Mr. 
Sayles, i.e., offering each job to a foundryman for analysis and 
price is impractical for the general industrial furnace business. 
The alloys must be classified after a fashion, and a cost per 
pound determined so that a basis of estimate is available be- 
fore the furnace is sold and designed. The approximate costs 
must be known or else the estimate is liable to be so far in 
error that the job represents a loss instead of a profit. It is 
rarely possible to sell a furnace and then present the price 
after the job is built and installed! 


I am fully aware of the fact that the true creep values for 
these alloys are not definitely known for a'l analyses and tem- 
peratures. The values offered in Part I, Fig. 13 are based on 
experience and a careful consideration of the possible opera- 
tional factors entering into commercial equipment used at high 
temperatures. The errors introduced by the broad classification 
limits are no greater than the “wide variations in the strength 
results depending on manufacturing variables” (quoting Mr. 
Sayles), hence, it seems useless to attempt a more specific classi- 
fication in the articles under discussion. 


I am also aware of the differences of opinion as to what con- 
stitutes a “safe load” or “design strength” for a given typical 
alloy, such differences amounting to several hundred percent. 
Some of the values, it is true, may represent the “factor of 
ignorance.” Since the producers themselves disagree so strong- 
ly, the only recourse for the designer is to study the whole sub- 
ject and attempt a set of standards which represent a consid- 
eration of the foundry problems as well as his own specific 
requirements. Practical application of such standards plus 
adjustment due to experience will allow at least a more co- 
herent set-up than that indicated by the present state of mind 
of the various producers. 





The time is not far distant when the consumer is going to 
demand from the producer, definite information in the form of 
standards as to analysis and performance. 


I surely did not intend to give the impression that the manu- 
facture of alloy castings is seldom attended by successful re- 
sults. Mr. Sayles will be the first to agree, however, that the 
subject is sufficiently complex and sensitive to warrant the 
maximum degree of cojperation between the designer and the 
foundryman. That is the sense of Part II where it deals with 
castings. I have had a certain small part in the successful ap- 
plication of several hundred thousand pounds of castings in 
industrial furnace equipment and am not inclined to state that 
the applications were seldom successful. Indeed it is remarkable 
how great the percentage of successful applications was when 
the paucity of real information from the producers is con- 
sidered. 


Mr. Sullivan’s letter of Sept. 22 in comment on my articles 
on “Heat-Resisting Alloys” raises some points which are per- 
tinent to the subject but I fear that he has read into the 
articles certain inferences which he considers unfair to the 
alloy producers. No such inferences were intended nor do I 
believe that they are justified by the text. 


For the benefit of Mr. Sullivan and the group of pioneer 
alloy manufacturers who have struggled valiantly with a highly 
complex and often discouraging new metallurgical art, I hope 
that the reader will infer from the articles the facts that the 
art is young, estimates of strength and serviceability of the 
various types of alloys are based largely on experience, and 
that the best assurance that an application will be successful 
will be given by a close cooperation between the designer and 
the producer. That, I think, will be the inference that any user 
will derive from a careful reading of the articles. 


It may be in order to repeat an opinion which was expressed 
near the end of Part I in the September issue to the effect 
that the time is ripe for a joint research on these alloys and 
the establishment of tentative standards which will represent 
the views of both manufacturer and user. Such action would 
be far more effective in quieting the user’s mind than a series 
of meetings which have had as a primary object discussions 
of prices and debates on the evils of price-cutting. The ques- 
tion of prices is important but authoritative information as 
the result of an intelligent research would seem to be equally 
important. 
Oct. 12, 1933 
Toledo, Ohio 


L. J. STANBERY 


Beg Your Pardon 


In the August, 1933, issue of Merars & ALLoys on pages 
119-122 an error was made by interchanging illustrations. The 
cuts at the top and bottom of pages 120 and 121 were turned 
end for end; that means that what is shown as Fig. 5 should 
be Fig. 3, Fig. 10 should be Fig. 8, Fig. 13 should be Fig. 11, 
Fig. 17 should be Fig. 14 and Fig. 16 should be Fig. 15. 


OBITUARY 


John Clifton Henderson, inventor of cast “Nichrome,” died 
in the Elizabeth General Hospital, Sept. 25, 1933. He was 56 
years old. Mr. Henderson held 30 or more patents and for the 
last 20 years has been Consulting Engineer at the Driver- 
Harris Company, Harrison, N. J. His first patent on cast car- 
burizing containers made of the alloy “Nichrome” was taken 
out about 20 years ago. 


Charles Piez, who with Charles M. Schwab directed the War- 
time work of the Emergency Fleet Corporation, and friend of 
President Franklin D. Roosevelt, died today (October 2), at 
the Garfield Hospital, Washington, D. C. Mr. Piez was Chair- 
man of the Board of Link-Belt Company, Chicago. His last ap- 
pearance in official circles was as a dinner guest of the Presi- 
dent at the White House recently. 


Mr. Piez was a past President of the American Society of 
Mechanical Engineers. He served twice as President of the 
Illinois Manufacturers’ Association. The deceased was 67 years 
old. While pneumonia was the direct cause of his death, his 
health had been failing for the past 5 years, and since Feb. 1932, 
he had been wholly inactive in business. Last May Mr. Piez 
moved from Chicago to Washington, where he made his home 
at the Shoreham Hotel. 
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Running Quality of Molten Metals 






Its Application to Study of lron-Carbon Alloys 
by M. Rene Berger 
Extended Abstract by A. |. Krynitsky 


N HIS study of the running quality of molten metals and 

alloys Prof. Portevin came to the following conclusions: 

1. The running quality depends on many factors of which 
the caloric properties of metals (specific heat of molten metal 
and heat of solidification) are at least as important as is the 
viscosity. 

2. For the same temperature of superheat the running quality 
of alloys is in an inverse relation to the interval of solidifica 
tion. 

3. The running quality appears to have a relation to crystal- 
lographic structure of elements which are deposited during 
solidification. 

In his investigation the author employed the method proposed 
by Saito and Hayashi and modified by Remy and Cury. 

Green sand molds (moisture 4.5%-5%) were used. Molding 
machine was used to prepare the molds. 

In order to minimize the 
friction between the molten 





metal and the mold a round < ittaas 
cross section of the spiral Sf 7 ey 
was adopted instead of a tri- / J , 
angular one used by Cury. ¥ {7 af. 
The diameter of this cross bhi f oe 
section was 8 mm. (area ' \\\ hd 
50 mm.?). The height of the Oh ele 
down gate was 200 mm. te 
(230 ec. capacity). The ar- ices ail 





rangement of the spiral, the — 


It was also found that in order to insure still greater preci- 
sion the time of casting the spiral should be 4 seconds. The 
length of spiral was increasing with an increase in pouring time 
up to 4 seconds. With a further increase of time the length of 
spiral remained almost constant. 

The method described above was used in the study of iron- 
carbon alloys. Alloys were prepared in crucibles in a coke fired 
furnace. The maximum heating temperatures varied between 
1500° and 1550° C. 

The initial composition of the cast iron was as follows: 


Si Mn P Ss a 
0.21% 0.02% 0.08% 0.026% 4.15% 


During melting a well pronounced decarburization took place. 
At the same time there was considerable loss of silicon, the con- 
tent of which during melting was reduced to an amount smaller 
than 0.1%. 

Alloys containing a large 








a ae amount of carbon were ob- 
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drag and cope parts of the 


mold are shown in Fig. 1. 
Ss 
In order to secure a con- x ’. 





stant velocity with which the 





molten metal filled the mold 
the following scheme was 
adopted: 

Two basins A and C (Fig. 
2) were connected with a 
down gate B by channels D 
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and E. The metal entered 
basin A and flowed into 

downgate B from the constant height of 150 mm. When the 
metal entered basin C the pouring was stopped, the pressure 
of the molten metal then corresponding to the height of 175 mm. 

Cury’s filter core was first omitted; later on, however, it was 
introduced at the bottom of the down gate in order to secure 
a greater precision of the test. 

If the cross sectional area of spiral is smaller than that of 
the filter then the area of the spiral controls the velocity of the 
flow; on the other hand when the cross sectional area of the 
spiral is larger than that of the filter, then the latter is a con- 
trolling factor. 

Results showing the effect of the diameter of a core filter on 
the length of spiral are given in Table I. 


Table 1.—Lengths of Spirals Corresponding to Different Diameters of Core 
Filter 


Diameter of 


Filter in mm. 9 7 S 10 15 
39 50 53 } 1D 

Length ai 4: 64 Os 
af Baniral 39 12 17 19 49 
epirai 60 R2 nem 95 97 


From his experimental data and calculations of the maximum 
possible errors of observations the author came to the conclu- 
sion that the diameter of his filter should be 10 mm. and that a 
vent of 8 to 10 mm. must be employed. 

Although the presence of a vent caused a decrease (about 
4.5%) in length of the spiral the author preferred to sacrifice 
the sensibility of observations in order to obtain greater pre- 
cision. 


Original Article “Mise au point d’une Eprouvette de Coulabilité et son 
Application a l’Etude du Svstéme Fer- Carbone.” Association Technique 
de Fonderie de Belgique, No. 17, Aug. 1932. Institut de Metallurgie de 


l'Université de Lieg« 
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cite on the bottom of the 

Z crucible. 

Ing, 3 RATION Derwben ACT In order to insure recar- 

| |LENGTAS CAST oF burization it was necessary 

| (Re CAREC ee to heat the charge to at least 
1530° C. 

Each charge weighed 40 
kg. which was sufficient to 
AC cast 3 molds. An optical py- 
rometer was used. Tempera- 
tures which are given in the 
paper were direct tempera- 
ture readings without any 
emissivity correction. 

At temperatures above 
1250° C. a bright film of 
oxides appeared on the sur- 
ol kes 7350 —Wea vs wre face of molten metal and 

rarer near a there was a great evolution 

of brown fumes of iron 

oxide, which made temperature readings more difficult and less 
correct. The following conclusions were drawn: 
1. For the same pouring temperature the running quality of 
iron-carbon alloys increases with an increase in carbon content 
up to eutectic concentration (4.3% C.) and then decreases with 
a further addition of carbon. 
2. In the hypoeutectic alloys there was observed a sudden in- 
crease in runability at 4% C. 
3. The curves showing a change of running quality with pouring 
temperatures for different carbon contents are presented in 
Fig. 3. 

Table 2 shows the runability values for different carbon con- 
tents at pouring temperatures 50, 100, 150, 200, 250, and 300° C. 
above the liquidus. 
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Table 2. Lengths of spirals cast of elloys containing different amounts of 
carbon at temperatures above the liquidus as indicated 


Temper- ————————--———— _ Superheat = —————-—_____ 
GC ature of 50° 100° 150° 200 950° 800 
Liquidus Centigrade 
2.00 1390 37 10) 5 
9 50 1350 1] 55 75 . . 
,.00 1300 35 64 80 100 ane 
50 1250 5 60 85 102 125 a" 
3.90 1225 55 68 92 117 135 153 
1.00 1200 70 87 116 137 155 
$.15 1175 80 108 138 164 179 
1.30 1145 143 170 176 200 212 
1.40 1160 : 140 163 172 192 210 
1.50 1162 140 158 180 195 


Abstractor’s Remark 
There is no indication in the paper that a thermocouple was 
used. Liquidus temperatures evidently were taken from iron- 
carbon diagram. It is also doubtful whether correct temperature 
readings could be obtained by means of the optical pyrometer, 
particularly at low temperatures. 
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Chromium-Nickel as a 
Corrosion Resistant Alloy 


by Robert J. McKay 


PART I. INTRODUCTION 
Principal Constituents 
HROMIUM and nickel are the principal elements alloyed 


with iron to produce the “stainless” or rust resisting 


steels. Chromium itself is highly resistant to corrosive 
oxidation and imparts this property to iron when alloyed with 
it. The same effect is observed in combinations with other 
metals as well. Nickel has several effects in the stainless alloys, 
probably the most useful being to increase toughness and duc- 
tility. Nickel in the commercially pure state is widely resistant 
to acid, alkali, and salt corrosion, but is not free from surface 
oxidation and tarnishing. The addition of about 14% chromium 
to nickel produces a stainless surface, strengths rising into the 
alloy steel range and working properties more akin to pure 
nickel than to the more recalcitrant stainless alloys. 





Ice Cream Hoppers 


The cost of raw materials is only one of the items making up 
the cost of high grade alloys and it may be offset by efficiency 
in metallurgical and production methods. The stainless steels, 
however, contain over 70% of iron as compared with 6% in 
this alloy and will probably always be made somewhat more 
economically. Thus the field of usefulness of the new composi- 
tion is in such boundaries of the stainless field as require re- 
sistance to specific corrosives, amenability to drastic fabrica- 
tion methods, or where proper heat- treatment is inconvenient. 


In equivalent shapes the cost seems to be slightly over that of 
pure nickel. 


History 


No particular originality of thought is claimed for the intro- 
duction of the alloy mentioned as a new commercial product 
since its properties are quite in line with expectations from the 
components. Alloys not very different*from it have been used 
for many years—their stainless or corrosion resistant property 
being only one of several contributing to their success. 





*In charge of Technical Service on Mill Products, International Nickel 
Company. 


A series of tests on the corrosion resistance of such alloys 
was begun in the laboratories of the International Nickel Com 
pany some years ago and quite favorable results were obtained. 
The industrial significance of the results was doubtful at first 
but as they progressed there has been a parallel growth of 
public interest in alloys with a bright metallic surface, high 
strength, favorable working properties and freedom from de- 
terioration in service. These coincidences induced a complete 
study of these and other properties in the industrially useful 
forms of the alloy. 

The reader is here reminded of certain desirable attributes 
of a construction “metal.” It should be strong. It should be 
malleable and ductile enough to form into complicated hot or 
cold shapes; it should make good castings; it should be capable 
of joining to itself and other materials easily, preferably by a 
number of methods; it should be amenable to machining and 
cutting operations; it should allow of strengthening and soften 
ing; its properties should be unchanged with time or tempera 
ture in service. (Sometimes low expansion with heat is desir 
able and in cases there are specific requirements for heat con 
ductivity, electrical conductivity, and magnetic permeability. ) 
The summation of these properties determines the general util 
ity. A reasonably high quality in each is helpful except in spe 
cial cases. 

The laboratory development procedure took the form of 
making up small melts of a range of compositions, varying 
the nickel, chromium, and iron contents; also heats containing 
special addition agents, and examining these for the several 
necessary qualities as outlined above. As conclusive tests as 
possible were made on all properties and careful judgment was 
used in calculating the value of composition changes which im- 
proved one quality and changed another unfavorably. 


Composition 


In the range of the finally accepted composition, which was 
12-14% Cr, 5-6% Fe, balance commercial Ni, variation in each 
major component had its typical effect. Raising the chromium 
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Ice Cream Conveyor Tubes 
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improved the stainlessness and strength somewhat at the ex- 
pense of the working qualities and without change in the acid 
resistance and general corrosion. Change in the iron content 
had little effect on any of the properties up to about 20 to 25% 
where there began a slight tendency to rusting under drastic 
reagents and some change in the welding characteristics. High 
nickel contents improved the general workability; reduced the 
welding facility; improved the acid and general corrosion re- 
sistance, and reduced facility of casting. 

The carbon content of high nickel alloys has a different effect 
from carbon in steels.!:? There is no series of superimposed 
solid phases dependent on the carbon content. Increase in car- 
bon has a merely preceptible hardening and strengthening effect 
and causes no change in the corrosion resistance. There is no 
precipitation hardening or embrittlement from carbide precipi- 
tation. 





and meats. The high strength and facility of welding has caused 
a natural demand for the alloy for steam jacketed kettles for 
factories and large kitchens. These kettles require mechanical 
strength to withstand steam pressure as well as accuracy and 
beauty of finish. (Fig. 5.) 

Welded tubes retain their properties after severe bending in 
making heating unit sheaths for electric stoves and endure re- 
peated heating and cooling with apparently less deterioration 
than units of any comparable alloy. High strength wire drawn 
with relative ease and withstanding atmospheric corrosion has 
produced insect screen which combines visibility, permanency, 
and freedom from staining better than any former screen. 
These illustrations are uses which have proven economical and 
possibly indicate properties better than would a longer hypo- 
thetical list. 

Inconel has been bonded to steel in much the same way as 


Fig. 1. Magnification 500 X; Etched as anode in 30%"Hz SO4: Water quenched from 2200° F. and drawn 16 hours at 1200° F. 


.02% C. Sheet 13% C. Rod 





13 % C. Rod quenched 


13% C. Rod drawn 


.44% C. Casting 1.04% C. Casting 








1.04% C. Casting quenched 1.04 % Casting drawn 


Fig. 2. Magnification 500X; etched in Murakami’s reagent. 


Carbides were not precipitated by drawing at 1200° F. in 
metal containing less than about .2% C, but are precipitated 
readily either when quenched from 2200° F. or drawn at 1200° 
F. in metal of .5% C or over (See Figs. 1 and 2). Carbide is 
visible in .44% and 1.04% castings as large outlined areas, none 
visible in sheet or rods: The constancy of effect under varying 
heat treatment is of practical value in making the alloy more 
fool-proof in service. 


Introductory Uses 

The practical introduction of the alloy into specific uses 
illustrates the ensuing technologic properties and engineering 
data. The preliminary laboratory studies having been made 
principally with food cooking and handling in view, the first 
uses of the metal were in the manufacture of apparatus for 
the treating and handling of milk. These uses have now spread 
into broader fields by natural selection. 

The usual rigid inspection in milk handling emphasizes the 
tarnishing of nickel which in some cases is rather striking. The 
neW composition, which is being called Inconel, being free from 
this effect and being readily formed and welded into the de- 
sired “sanitary” shapes has been well adapted to the manu- 
facture of the appropriate machines. The high nickel content 
of the alloy prevents pitting by the cooling brines which be- 
come very corrosive by hydrolysis during use. The high strength 
facilitates simple design of special shapes and the low expan- 
sidn coefficient allows rapid temperature changes in pasteuriz- 
ing and refrigerating without disturbing alignment of parts. 
(Fig. 3.) 

“A direct result of the service success of milk handling equip- 
ment has been the use in apparatus for handling and packing 
sthe. more corrosive and delicate foods, such as high acid fruits 


1Nickel. Bureau of Standards Circular 100, 1921. 

2P. D. Merica & R. G. Waltenberg. Malleability and Metallography of 
Metals. Bureau of Standards Technologic Paper 281, Vol. 19, 1924, 
page 155. 
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pure nickel. The properties of the bond, the ease of fabrication, 
and the conditions of economical use are closely parallel with 
nickel-clad steel.**+* Of course the corrosion resistance is that 
of Inconel rather than nickel, strengths are slightly higher and 
welding facility is greater. 


PART II. CORROSION RESISTANCE 
Food Handling 


Assuming that the reader is familiar with the high acid, alkali 
and salt resistance of nickel, the freedom from staining or tar- 
nishing of the 14% chromium-nickel alloy becomes its outstand- 
ing corrosion resisting characteristic. This feature is critical in 
all food handling as it is favorable for detection of contamina- 
tion. It also makes cleaning a positive and easy procedure. 

Spot tests have been made by placing food products on the 
clean metal surface and allowing to stand for long periods. 
Containers have been made up and cooking operations carried 
out in the laboratory, home, and factory. These tests have fur- 
nished definite data on some 30 different common conditions of 
food handling selected as conditions which may affect metals or 
enamels. None of these tests have shown visible tinting or other 
significant attack. 

Recent propaganda on the dangers of metals in handling 
foods have, in the writer’s opinion, been exaggerated. However, 
the possible hygienic significance of contact of foods with the 
alloy has been studied and assurance obtained that no danger 
is to be anticipated.® ® 


3William G. Humpton, F. P. Huston & Robert J. McKay. Nickei-Clad 
Steel Plate Work. Mining & Metallurgy, Vol. 12, 1931, page 90. 

4Methods for the Fabrication of Nickel-Clad Steel Plate. Bulletin T-4, 
International Nickel Company. 

5Drinker, Fairhall, Ray Drinker. The Hygienic Significance of 
Nickel. Journal of Industrial Hygiene, Vol. 6, 1924, page 307. 

6Titus, Elkins, Finn, Fairhall & Drinker. Contamination of Food 
Cooked or Stored in Contact with Nickel-Chromium-Iron Alloys. Journal 
of Industrial Hygiene, Vol. 12, 1930, page 306. 
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Atmospheric Corrosion 


The freedom from staining observed in foods is also extended 
to atmospheric exposure. Comparative exposure tests of forg- 
ing and sheet samples, varying in chromium, have been made in 
a variety of atmospheres over a period of 4 years. While it 
cannot be claimed that the selected alloy is chemically free from 
atmospheric corrosion it is clear from these tests that it is 
essentially so, being less affected than common alloys which are 
considered immune. The tendency of nickel to form an adherent 
tarnish in ordinary city air is effectively counteracted and the 
exposed surface retains its color and to a certain extent its 
brilliance even after long exposure. 

For quantitative figures on atmospheric exposure, it is con- 
venient to turn to exposures of woven wire insect screen made 
in representative localities. Tests were made in sea air at 
Brigantine, N. J., in industrial air at Bayonne, N. J., and in 
country air near Phillipsburg, Pa. The following tabulation 
shows results: 








TABLE I. 
Atmosphere Sea Industrial Country 
Original strength : : 
of .009” wire 6.5 Ib. 6.5 lb. 6.5 lb. 
Loss after 5 mos. 5.6% 3.2% 
7.2% 


Loss after 14 mos. 8.5% 10.4% 





Fig. 3. Inconel Tubes, Sheet and Castings Regenerators and Surface Cool- 
ers Fairfield-Western Maryland Dairy, Baltimore. 


The limit of useful life cannot be predicted by such measure- 
ments, but from them and other comparative data it is esti- 
mated to be very long in terms of experience with other screen 
materials. 

Comparative exposures were made with a representative 
stainless steel in an atmosphere of heavy smoke and in country 
air with the following results: 








TABLE II. 
Atmosphere Heavy Smoke Country Air 
Loss Stainless (18-8) 5.1% per mo. 7 1.2% per mo. 
of Inconel 2.1% per mo. .51% per mo. 








In all exposures of screen the easy removal of dirt deposits 
discloses a clean metallic surface. In country air there is no 
appreciable dulling of luster after 2 years exposure. 

Comparative exposure tests were made of Inconel screens 
with Monel metal, bronze, and stainless steel with the following 
results. The indicator used was the discoloring of white litho- 
pone painted wooden frames in which the s¢reen were installed. 
This indicator was selected because the discoloration of frames 
is probably the major visual effect of corroding screens. 





Fig. 4. Typical_Dyeing Kettle 


Table III. Degree of staining of paint by exposed screens 


0 = none: 1 = trace: 2 — slight: 3 — moderate: 
4 — considerable: 5 — heavy. 














Time of 
Air Exposure Inconel 18-8 Monel Bronze 
Clean country 22 wks. 1 1 2 4 
Marine 7 2 0 3 3 4 
Industrial — 1 3 5 5 
High sulphur s ” 0 2 3 5 


J (Coal Smoke) 


Brine Corrosion 


Inconel cannot be said to be “absolutely resistant” to brines, 
but practical interpretation of tests show it to be of lifetime 
permanency in contact with ordinary brines. An outstanding 
quality is the freedom of joints from destructive local attack. 
In addition to riveted, soldered or brazed seams, the joints 
made by welding are not only free from internal deterioration 
but are usually less subject to attack than the parent metal. 
(Fig. 6.) 

Welded equipment of Inconel has been in service in brines 
and under other conditions for some time now without the 
faintest signs of attack in the vicinity of welds. An accelerated 
test has been made by subjecting welded specimens to a solu- 
tion of copper sulfate and sulfuric acid as used widely for 
testing the embrittlement susceptibility of metals. After 100 
hours the Inconel specimen had lost none of its ductility, over 
a period of time when metal susceptible to embrittlement had 
suffered serious intercrystalline attack. 

Table IV below shows the results obtained with several alloys 
tested: 


Table IV. 100 day test in 16% Ca Cl Refrigerating Brine pH=5 











Penetration rate in 





Alloy critical zones Over all corrosion 
inches inches 
0 Cr; 99 Ni; .2 Fe .004 .0007 
8 Cr; 80 Ni; 2 Fe .007 .00043 
13 Cr; 80 Ni; 6 Fe 006 .00046 


.054 .00042 


18 G; 8H; 74 
2 .016 00049 


20 Cr; 79 Ni; .3 


Fi 
Fe 





It will be seen that with the exception of pure nickel the In- 
conel (13 Cr) composition has the lowest penetration rate of 
the commercial alloys tested. One of the comparison metals 
here, nickel, has had practical use in these brines for years 
without difficulty developing. While no doubt a composition 
might be found with better resistance to this specific form of 
corrosion, these figures are a sufficient guarantee that the re- 
sistance to brines is adequate. 





Fig. 5. Inconel Jacketed Kettles 
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Fig. 6. Brine Jacketed Pasteurizer 


The resistance of welds to this corrosion is of importance. As 
a matter of actual measurement it was determined that in tests 
where the average penetration in the sheets was .006” in 100 
days, the penetration in the weld itself was only .004” in 100 
days. 

Tests on sodium chloride brines gave relative results much in 
line with the above but penetration rates somewhat lower. 


Acids and Alkalis 

The specific and striking property of chromium alloys in cor 
rosion is their resistance to oxidizing attack as typified by the 
resistance of Inconel and stainless steels to foods and atmos 
pheres. Distinct from this oxidizing attack, acids and alkalis 
produce corrosion by typical chemical reactions to which chro- 
mium alloys are not always resistant. The presence of 80% of 
nickel is valuable here in furnishing good resistance to both 
acids and alkalis. The acid resistance of pure nickel is, in most 
cases, very good, although specific materials such as lead in the 
manufacture of sulphuric acid, or Monel metal in hot dilute 
sulphuric in pickling steel may be less attacked. Chromium does 
not improve the acid resistance of nickel, but neither does it 
lower it appreciably. Therefore, while the use of Inconel would 
hardly be justified simply for its resistance to the strong min- 
eral acids, if its use is indicated for other reasons (Fig. 4) its 
resistance to these or other acids would not be a drawback. In 
Table V are some typical corrosion rates as determined in test. 


Table V. (loss in wt.: milligrams per sq. dm. per day) 


Acid Rati Conditions 
Acetic 11 5%, cold, aerated 16 ft./min. flow (in vinegar) 
Hydrochloric 750 9%, cold, aerated 16 ’’ ”’ ce 
Nitric 1300 5%, cold, aerated 16 ’’ 
Sulphuric 53 5%, cold, air free 16 ”’ 
Sulphurie 750 5%, cold, aerated 16 ”’ 


Sulphuric 


1200 5%, hot, aerated 16 

The usual effect of acceleration of corrosion of metals by air 
and to a lesser extent by heat is notable in the results on 
sulphuric acid. 

Corrosion by caustic alkalis is appreciably more active on 
the 14% chromium alloy than on pure nickel itself. The differ- 
ence is plainly noticeable at low concentrations and tempera- 
tures. In the high temperatures and concentrations of caustic 
pots (800° F. and 90% caustic) the chromium nickel alloy is 
attacked very rapidly. 

In dilute solutions and with the presence of sulphur the 
chromium nickel alloy is better than nickel, but a high iron con 
tent increases the corrosion as shown in Fig. 7. 


Heat Oxidation 

In purely oxidizing atmospheres Inconel has excellent resist 
ance to progressive oxidation at temperatures as high as 
2000° F. The resistance to this and other atmospheres is of an 
order making the alloy useful for high heat apparatus. 

The action of sulphur, a constituent of many high tempera- 
ture atmospheres very destructive to high nickel alloys, is 
strongly inhibited by the chromium content of Inconel. While 
the temperature at which Inconel will resist sulphur bearing at- 
mospheres is less than for pure oxidizing atmospheres the resist- 
ance compares very favorably with other heat resisting alloys. 

In a'test in which welded Inconel tubing was heated alter- 
nately to 1600° F. and allowed to cool to room temperature, 
there was no serious deterioration within 2000 hours. This test 
harmonizes with the practical experience mentioned elsewhere 
in electric heating units and other places, and is convincing 
proof that this composition with the favorable structure in 
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Fig. 7. Corrosion Rate in 50% Sodium Sulphide 


duced by rolling or forging is unusually resistant to deteriora- 
tion at high temperature. This resistance extends to formed and 
welded assemblies. 


ki 4 


Chemical and Electrolytic Corrosion 

Nickel alloys are corroded by a combination of oxidation and 
acid decomposition aided by electrolytic effects. This composi- 
tion is particularly resistant to oxidizing effects, probably 
forming an invisible protective film of oxide? when oxidizing 
agents are present and the formation not disturbed by other 
actions. When this film is present any corrosive action is ab- 
sent or proceeds at an extremely slow rate. When the film is 
absent acid replacement can take place but this occurs so slowly 
and so well distributed that the metal is serviceable for long 
periods in acids. Pitting of corroding metals is often due to 
electrolytic concentration effects’: ® and depends on the main 
tenance of a cathodic area (usually film covered) together with 
a chemical condition at the pit which prevents film formation 
and keeps the bottom of the pit anodic. This high nickel com- 
position does not encourage formation of the anodic chemical 
condition and it is, therefore, not subject to pitting to the same 
extent as are high iron alloys. Metal-ion® cells are practically 
absent. Galvanically Inconel is a passive metal. It is rated in 
the passive stainless group!® more noble than the brasses and 
Monel metal and less noble than the precious metals. 








Inconel Pressure Kettle for Varnish Manufacturing 


7U. R. Evans. Corrosion of Metals. Edward Arnold & Co., London, 
1926. \ 

8R. J. McKay. Corrosion by Electrolyte Concentration Cells. Industrial 
& Engineering Chemistry, Vol. 17, 1925, page 23. j 

9R. J. McKay. Corrosion by Electrolyte Concentration Cells. 7rans- 
actions American Electrochemical Society, Vol. 41, 1922, page 201. 

10R. Worthington. Notes on Galvanic Corrosion. The Rudder, Vol. 49, 
1933, page 70. 

(Concluded in December issue) 
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Metallographic Grinding 


with Paraffin Impregnated with Abrasives 


by R. L. Dowdell and M. J. Wahll” 


Introduction 

HE general practice for sample preparation at the Uni- 

versity of Minnesota since about 1914 has consisted of 

dry grinding through French emery paper 000 and occa- 
sionally 0000 with a final polish with jeweler’s rouge in water 
on a wheel covered with felt. This practice checks in principle 
with that reported in recent publications by Vilellat and Urban 
and Schneidewind? who have shown clearly that wet cloth 
wheels with intermediate abrasives are the chief source of pit- 
ting especially when large amounts of water are used with the 
abrasives. 


A difficulty with fine grinding on the finer emery papers is 
that these grades are not uniform in quality and frequently 
cause considerable scratching. Also, with soft metals the abra- 
sive may be worked into the surface being ground. Vilella and 
others have applied graphite, soapstone, paraffin, kerosene, etc., 
to the emery papers in order to keep the soft metals from 
“loading.” Urban and Schneidewind obtained good results by 
dry polishing on a leather wheel charged with “stainless steel 
buffing compound,” a mixture of alumina and pumice cast in a 
stearic acid base. Guthrie and Comstock*® used a paraffined 
wheel for the intermediate grinding and final polishing stages 
and abrasives were applied by means of a liquid suspension in 
a soap solution. The method described here differs from other 
methods in that we select abrasives of the proper sizes and im- 
pregnate them throughout paraffin wheels for the grinding 
operations. 


Grinding Technique 


After finishing specimens on 
a 0 grade of French emery 
paper or a fine grinding wheel 
the finer grinding is still done 
without water on vertical steel 
disks 8 inches in diameter upon 


*Professor of. Metallography, Uni- 
versity of Minnesota, Minneapolis. 

**Graduate of Minnesota School 
of Mines & Metallurgy, Met. E. 1933. 

1J. R. Vilella. Improved Method 
of Polishing Metallographic Speci- 
mens of Cast Iron. Metals & Alloys, 
Vol. 3, Sept. 1932, pages 205-206. 
2S. F. Urban & R. Schneidewind. 
Dry Polishing Will Retain Graphite 
and Inclusions. Metal Progress, Vol. 
22, Aug. 1932, pages 38-40. 

8R. G. Guthrie & J. A. Comstock. 


Automatic Preparation of Metallo- 


Vol. 1, 1930, pages 727-730. 





Fig. 1. Abrasive-Paraffin Mixture cast on steel disks for rough 
graphic Samples. Metals & Alloys, polishing. Speed 600 R. P. M. 


which a mixture of paraftin and abrasive have been allowed to 
solidify. 


Two disks are used: one is 150 mesh carborundum while the 
other is 400 mesh alundum, both bonded with paraftin. These 
abrasive paraffin disks are made by melting paraffin and adding 
sufficient abrasive to make a relatively thick mud. This is 
stirred well before casting into the mold which is a metal band 
around the circular steel disk. The abrasive settles rapidly in 
the liquid paraffin and upon solidification is a compact mass 
bonded with paraffin while at the top there is a thin layer of 
nearly pure paraffin. The disks are then dressed with any 
straight edged tool and if the fine grinding is properly done 
they will remain dressed for months until worn through com- 
pletely. 


Fig. 1 shows the steel disks which are coated to a thickness 
of about ¥4 inch with the abrasive-paraffin mixture. It is be- 
lieved that stearic acid might serve equally well for the same 
purpose as paraffin. 


The principle of having the mixture of abrasive and paraffin 
is suitable for many types of grinding where flat surfaces are 
desired and it appears that almost any size or type of abrasive 
can be bonded with paraffin for the purpose. 


It was first thought that the paraffin might loosen on the 
smooth steel disks but there has been no tendency to do so. In 
extremely hot weather the disks are softer than usual but work 
equally well. 


With metals of medium hard 
ness it is possible to apply all 
pressure possible with the hands 
without injuring either the disk 
or the piece being ground; in 
fact, the higher the grinding 
pressure the faster the opera- 
tion. When the disks have the 
proper flatness and the speci- 
mens not too large, only a few 
minutes are required for each 
specimen. 


Preliminary work has_ been 
carried out by applying this 
same method for the final pol- 
ishing operation, and _ indica- 
tions are that when an abrasive 
is found which is fine enough 
it will show results. 





Fig. 2. Scratches from 000 French Emery Paper. Fig. 3. Scratches from 400 mesh Alumina bonded Fig. 4. Etched Sample of Cast Iron Polished by 
Sample Normalized Steel of 0.70% C. Magnifi- with paraffin. Sample Normalized Steel of 0.70% Simple Automatic Machine. Magnification 100X. 
Cc 


cation 50X. 


Magnification 50X. 
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The advantages of the abra- 
sive-paraffin disks over French 
polishing papers are as follows: 

1. Abrasive is not worked 
into surface of soft metals. 


2. Exceedingly economical 


in operation. 

3. Specimens do not heat and 
flow with pressure because of 
paraffin working as lubricant. 

4. Especially fast in opera- 
tion; aluminum, magnesium, 
copper, and steel can be pol- 
ished in about one-third the 
time formerly required and 
with less resultant scratches. 


Automatic 
Polishing Apparatus 


A machine for the automatic 
polishing of specimens soft 
enough to be drilled can be 
easily made at low cost. With 
the polishing apparatus shown 
in Fig. 5, it will be noted that 
no mounting is required. Sec- 
tions of cylindrical or rectangu- 
lar specimens are cut off and 
simply drilled on the back with 
a ¥% inch “combined drill and 
countersink” so as to form a 
60° angle. The spindles (1/,” 
diameter) have a 60° pointed 
end so that they form a bearing 
with the surface of the conical 
hole drilled. Specimens will 
usually rotate continuously with 
the whole spindle because of 


the rotation of the polishing polished. 








Fig. 5. Simple Automatic Polishing Machine with 4 specimens being 





disk covered preferably with 
felt. 


With this apparatus speci- 
mens travel in the same con- 
centric circles unless the cross 
arm is changed from time to 
time so as to prevent unequal 
wearing away of the felt. 


During polishing a continu- 
ous drip of water is applied 
and a polishing solution of 
alumina, rouge, etc, added 
when necessary. 


This simple outfit has saved 
considerable time and produces 
very good polished surfaces. 
It is not intended that this 
simple outfit be compared with 
modern automatic polishing ma- 
chines recently brought out; 
but there are a large number 
of metallographic laboratories 
working with restricted budgets 
which will find a little time 
spent on the outfit to be well 
repaid. 


If one wishes to examine the 
extreme edges of specimens it 
is necessary to protect the 
edges by some suitable mount- 
ing throughout the polishing 
operation. 


Acknowledgment is gladly 
made to H. P. Nielsen and 
H. S. Jerabek for aid in this 
work. 


The American Rolling Mill Company, Middletown, Ohio, will 
manufacture and distribute stainless steel sheets, strips, and 
plates, according to an announcement by W. W. Sebald. Vice- 
President. ; 

For sometime it has been known that experimental work on 
stainless steel alloys was in process in Armco plants and that 
special stainless production equipment was being designed and 
built. 

Armco plants have been producing stainless steel sheets, 
strips and plates for many months in collaboration with the 
Rustless Iron Corporation and these products have been used 
by a number of manufacturers who have coéperated by keeping 
careful records of the performance under actual production 
conditions. It is claimed performance under the dies has demon- 
strated unusual ductility and formability, both of which have 
resulted in lower tool expense. 

Armco stainless steels will be offered in 2 grades, Armco 17 
and Armco 18-8. The 17 grade is used for automobile parts, 
furnace parts, nitric acid and oil refining equipment and oil 
burner parts. The 18-8, so popular in modern architecture, is 
widely used for airplane parts, baking, laundry and dairy ma- 
chinery, beer barrels, hotel, restaurant and kitchen equipment, 
cooking utensils, soda fountains and counters, etc. 

Stocks in all sizes and gages have been built up so the com- 
pany would be able to serve the trade immediately upon the 
announcement that it had entered the stainless steel field. 

Both production and sales are under the direction of men 
who have had wide experience with stainless steels. A stainless 
steel sales department has been created. J. P. Butterfield, form- 
erly manager of the Armco Development Department, is in 
charge. He will be assisted by E, E. Jones, Production in the 
different plants is under the supervision of Ralph E. Curry and 
W. L. Woodward, both of whom are Assistants to Vice-Pres. in 
Charge of Operations. Sales will be handled through Armco’s 
district offices in New York, Philadelphia, Detroit, San Fran- 
cisco, St. Louis, Seattle, Chicago, Boston, Milwaukee, Pitts- 
burgh, and Middletown. 





W. K. Leach, formerly with General Alloys Company of Bos- 
ton, is now associated with the American Manganese Steel Com- 
pany as General Manager of the Alloy Division. 
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Emmett K. Conneely has been appointed Manager of Railroad 
Sales by Republic Steel Corporation, according to an announce- 
ment made by N. J. Clarke, Vice-Pres. in Charge of Sales. Mr. 
Conneely served in various capacities with the Pittsburgh and 
Lake Erie Railroad during his early business life, joining the 
Standard Steel Car Co. during the war. He was later connected 
with the New York Air Brake Co. as Vice-Pres. and became 
Vice-Pres. of the Pullman Co. at New York upon that com- 
pany’s acquisition of Standard Steel Car Co. He was subse- 
quently made Vice-Pres. of Standard Steel Car Co. at Chicago. 
Mr. Conneely will make his headquarters at the Republic general 
offices in Youngstown, Ohio. 





The Youngstown Sheet and Tube Company announces the 
formation of an Alloy Steel Division. Harry R. Jones of Canton, 
Ohio, formerly President of the United Alloy Steel Corporation, 
will be in general charge of the Alloy Steel Division. Alloy Steel 
sales will be in charge of W. J. MacKenzie, who will also have 
charge of Alloy Steel metallurgy. Mr. MacKenzie will be lo- 
cated in Chicago. John D. Jones will have charge of sales in the 
Detroit territory. Mr. Jones was formerly with the United 
Alloy Steel Corporation and the Central Steel Company. 





The Rustless Iron and Steel Corporation, through its sub- 
sidiary the Rustless Iron Corporation of America has acquired 
additional important patent rights. The new Patents have been 
issued by the United States Patent Office to members of the 
research staff of Alloy Research Corporation, an affiliated re- 
search organization, and assigned to that corporation. One of 
the inventions covers the manufacture of rustless iron or stain- 
less steel from scrap materials of similar composition. The other 
patent just issued covers the preparation of important raw ma- 
terials used in the production of alloys, as rustless iron and 
stainless steel, before charging into an electric furnace. 





